Auxin autotrophic and heterotrophic tobacco callus lines were grown on MS medium with or without 100 mmol/L NaCl and growth and some of the stress-related activities, such as GPX, SOD, CAT, GST, GSH-PX, as well as the concentration of ethylene and H 2 O 2 , were measured and compared with each other. The auxin autotrophic calli grew slower, however, on the NaCl-containing medium the growth rate was higher than that of the heterotrophic cultures after two weeks of culturing. The stressrelated ethylene production was lower in the autotrophic cultures and, contrary to the heterotrophic tissues, its level did not change significantly upon NaCl treatment. The guaiacol peroxidase (GPX) activities were higher in the autotrophic tissues in all cell fractions regardless of the presence of NaCl. Treated with NaCl, the GPX activities elevated in the soluble and covalently-bound fractions in the heterotrophic calli, but were not further increased in the autotrophic line. SOD and CAT activities were higher in the heterotrophic tissues, and were increased further by 100 mmol/L NaCl treatment. The GST and GSH-PX activities were higher in the autotrophic line, which might explain their enhanced stress tolerance. In the autotrophic tissues, the elevated antioxidant activities led to reduced levels of H 2 O 2 and malondialdehyde; under mild NaCl stress, these levels decreased further. The lower growth rate and the effective protection against NaCl stress-induced oxidative damage of the autotrophic line can be explained by the cell wall-bound peroxidase and GSH-PX activities in the auxin autotrophic tissues. Their maintained growth rate indicates that the autotropic cultures were more resistant to exogenous H 2 O 2 .
In this paper we investigate the growth and the enzymatic antioxidant defence mechanisms of heterotrophic and auxin autotrophic tobacco cultures treated with 100 mmol/L NaCl in order to reveal whether the possible decrease of heme biosynthesis and the subsequently reduced peroxidase or CAT activities could negatively affect the acclimatization processes to salt stress, which causes oxidative damage to the cells. 
Materials and Methods

Plant material
Ethylene measurements
The ethylene production of calli of different ages was measured as described earlier (Tari and Mihalik 1998). Callus tissues (0.5 g) were kept in closed tubes for 1 h. The ethylene-containing samples were withdrawn from the gas phase above the plant material and were analyzed in a gas chromatograph equipped with a flame ionization detector.
Na
+ contents
Two-week-old callus tissues were dried at 70˚C for 72 h. Na 
Activity measurements of antioxidant enzymes
The enzyme activities were determined two weeks after the transfer onto the NaCl-containing medium. Two grams of callus tissue was homogenized on ice in 4 mL extraction buffer ( 
Statistical analysis
The means ± SD were calculated from the data of at least three separate experiments. Differences between treatment means were deter- mined by Duncan's multiple range test. Columns denoted by the same letters did not differ significantly at a probability level of P < 0.05.
Results
The growth rate, Na + content, and ethylene release of heterotrophic and autotrophic calli under NaCl stress
The growth of auxin heterotrophic calli was compared with that of the autotrophic line of the same tissues two weeks after the transfer onto MS medium containing 100 mmol/L NaCl. At this age the calli were in their exponential growth phase and the difference between the growth rates of the two lines was maximal (Köves and Szabó 1987, and unpublished results). The habituated cultures grew slowly even on NaCl free media, but in the presence of NaCl the basic growth rate did not drop as much as for the heterotrophic line (Fig. 1 A) . Determination of the Na + concentrations of the 2-week-old calli revealed that the Na + uptake of the autotrophic tissues was not inhibited, because their Na + concentration in the presence of 100 mmol/L NaCl was slightly higher than that of the heterotrophic line (Fig. 1B) . The ethylene production of the two lines followed the pattern observed earlier for auxin-dependent and auxin autotrophic cultures. The heterotrophic tissues evolved much more ethylene with an early maximum on an auxin-containing culture medium and the cells increased the ethylene production in the presence of the salt. The ethylene formation was 20 times less in the autotrophic cultures, and its level did not change significantly upon the NaCl treatment (Fig. 2) .
The effect of salt stress on the activities of the antioxidative enzymes and H 2 O 2 concentrations of heterotrophic and autotrophic tissues
Comparison of the GPX activities in the heterotrophic and autotrophic calli revealed approximately two-fold higher activities in the autotrophic cultures in the soluble and ionically bound fractions, and the fraction bound covalently to the cell walls also exhibited a slight increase in peroxidative capacities (Figs. 3 A, B, C) . The NaCl stress did not elevate the peroxidative capacity in the autotrophic line, but did increase the activity in the soluble and covalently bound fractions in the heterotrophic tissues. The H 2 O 2 -producing SOD activity was about two-times higher in the heterotrophic calli than in the autotrophic cells, and the enzyme activity was slightly, but not significantly, further enhanced by 100 mmol/L NaCl after two weeks of culturing (Fig. 4 A) . In the absence of NaCl, an extremely low CAT activity was detected in the autotrophic tissues, but this did not reach the level of the heterotrophic cells during salt stress (Fig. 4 B) .
Despite the low CAT activity in the presence or absence of NaCl in the autotrophic tissues, the outcome of the enhanced antioxidant capacity was a reduced H 2 O 2 level. After two weeks the salt treatment had decreased the H 2 O 2 contents of both cultures (Fig. 5) .
The activity of GR, which reduces GSSG to GSH, was higher in the auxin-requiring cultures, but in response to a NaCl stress the activity increased only in the heterotrophic line (Fig. 6 A) .
Interestingly, the GST and especially the GSH-PX activities were higher in the autotrophic calli, which essentially contribute to the elevated stress tolerance of habituated tissues (Figs. 6 B, C) . While the auxin autotrophic line enhanced the GSH-PX activity during salt stress, the enzyme activity remained exceptionally low in the heterotrophic cultures. The level of MDA, a lipid peroxidation product in the tissues, was less in the autotrophic line and, similar to the level of H 2 O 2 , the amount of this product decreased further on NaCl treatment (Fig. 7) , suggesting a membrane-protecting role of glutathione peroxidases during salt stress.
Growth of calli in the presence of exogenous H 2 O 2
In order to reveal the sensitivities of the two lines to exogenous H 2 O 2 , the calli were transferred onto fresh MS medium (Fig. 8) . This proves that the autotrophic calli really do posses a more effective H 2 O 2 -scavenging mechanism.
Discussion
The data presented here suggest that tobacco calli that have passed through several steps of neoplastic progression and have become habituated are very resistant to NaCl stress treatment. During the habituation process, the cells regain their auxin-synthetizing capacity and they are able to grow on an auxin-free culture medium. The phenotype of our cultures is slightly different from other habituated cultures, such as those from fully auxin-and cytokinin habituated sugarbeet cell lines, which involve very friable and achlorophyllous tissues and, according to Bisbis et al. (1999), can be considered true cancer cells. Our auxin autotrophic calli are compact and may contain even more chlorophyll than the heterotrophic cells. It seems that in this line tetrapyrrole synthesis is not inhibited. To decide whether this is due to a maintained ALA accumulation or to the synthesis of cinnamic acid derivatives, instead of ALA-dehydratase-inhibiting benzoic acid derivatives in the autotrophic calli, requires further investigations.
The heterotrophic line exhibited a high ethylene production with an early maximum after subculturing, which may be due to the exogenous growth regulators (auxins and cytokinins) in the growth medium. This ethylene release was further enhanced by the NaCl treatment.
Ethylene We found a high GSH-PX activity in our autotrophic line, but not in the auxin-requiring cells. This seems to prove a very effective acclimation mechanism. Despite the lower SOD, CAT, and GR activities, the growth of the autotrophic calli was not inhibited significantly in the presence of 100 mmol/L NaCl as compared with the autotrophic control, and their H 2 O 2 and MDA contents were lower than those in the heterotrophic tissues. The growth of calli measured via the fresh mass demonstrated that the autotrophic line was the more resistant to exogenous H 2 O 2 . These are the first data todate indicating that an auxin autotrophic plant culture that has passed through a certain degree of neoplastic transformation exhibits a lower H 2 O 2 sensitivity than an auxin heterotrophic line.
In contrast with the considerable activities of the AOSscavenging SOD and CAT enzymes in the auxin heterotrophic calli, it is the peroxidases and mainly the GSH-PX activity in the autotrophic tissues that can ensure protection against NaCl stress and presumably other stress-induced oxidative damage.
